I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Global burden of metabolic risk factors study reported trends in total cholesterol levels in different countries and world regions from the years 1980 to 2008.\[[@ref1]\] It was summarized that while total cholesterol levels increased in low-income and lower-middle income countries over this period, a decline was observed in high-income countries.\[[@ref2]\] These trends, however, were derived using mathematical modeling from sparse epidemiological studies in a number of countries.\[[@ref1]\] Good quality data were available from high-income countries due to periodic nationwide surveys (e.g., the USA, the UK, Germany, Japan, etc.).\[[@ref1]\] On the other hand, in low and lower-middle countries such as India, where most of the cardiovascular and coronary heart disease mortality occurs, high-quality epidemiological data were not available.\[[@ref2]\]

In India, only limited studies exist on the epidemiology of cholesterol and other lipoprotein lipids in large samples.\[[@ref3]\] We reviewed all the population based epidemiological studies and found that there were only five multisite studies with sample size ranging from 2000 to 10,000.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] None of these were prospective or nationally representative. Jaipur Heart Watch (JHW), a series of cross sectional studies in an Indian urban population, reported secular trends in cholesterol, and other lipoproteins over a 20 year period.\[[@ref10][@ref11]\] Increasing levels of total cholesterol, low-density lipoprotein (LDL) cholesterol, high DL (HDL) cholesterol, and triglycerides were reported.\[[@ref11]\] However, this was a small study. Big data analytic science is set to influence medical research and clinical practice.\[[@ref12]\] We used a large hospital based laboratory database of cholesterol lipoproteins and triglycerides at a tertiary care hospital from the year 2007 to 2014 to determine trends in lipid levels and prevalence of hypercholesterolemia in women compared to men. Studies have also reported gender related differences in trends of hypercholesterolemia in developed countries.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] No such data exists in most developing countries, and therefore, we also determined gender related differences in time trends of lipid levels.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

We performed an audit of consecutively performed lipoprotein lipid levels (total cholesterol, LDL cholesterol, non-HDL cholesterol, HDL cholesterol, ratio of total: HDL cholesterol and triglycerides) available from the health evaluation program at a tertiary care hospital in India. The hospital management committee and research review board approved the protocol. The Institutional Ethics Committee approved the study protocol and permitted the use of anonymized data of the study participants. The Ethics Committee also waivered the need for individual consent and hence this was not obtained. The study was not financially supported by any organization. There are no more data available besides reported in this study. None of the authors have any conflicts of interest.

We analyzed all the lipid profile data from July 2007 to December 2014. Details of gender and age were available for all the subjects while details of disease status or treatment status were not available. Detail of methodology has been reported earlier.\[[@ref24]\] To determine disease status or treatment status we performed two studies at various time points (2008 and 2013) over a 1-month period. Successive patients undergoing lipid profile were interviewed to determine disease status with a focus on cardiovascular disease (coronary heart disease, stroke, and peripheral arterial disease) and diabetes and use of lipid-lowering drugs (statins). Serum total cholesterol was estimated using the cholesterol oxidase-peroxidase method, LDL cholesterol was determined with Friedwald\'s equation from July 2007 to December 2008 and with direct estimation since then using automated LDL by the homogenous enzymatic method. HDL cholesterol was estimated with homogenous enzymatic method and triglycerides using the direct enzymatic method. Internal as well as external validation protocols are regularly performed and the coefficient of variation is \<5%, as per the National Accreditation Board for Laboratories, India requirements.\[[@ref24]\] The variations were for total cholesterol \<2.6%, automated LDL cholesterol \<3.8%, automated HDL cholesterol \<4.6%, and for triglycerides \<4.5%.

Statistical analysis {#sec2-1}
--------------------

All the data are available in the computerized database of the hospital. No additional data are available. This database was converted to a user-friendly Microsoft Excel version for analyses. Statistical analyses were performed using SPSS version 13.0 (SPSS Inc. Chicago, IL, USA). Numerical variables are presented as means ± 1 standard deviation while categorical variables are reported as a percent. Triglyceride levels followed a skewed distribution and were also reported as a median and interquartile range (IQR). High cholesterol was defined as ≥200 mg/dl, high LDL cholesterol as ≥130 mg/dl as well as ≥100 mg/dl, high non-HDL cholesterol as ≥160 mg/dl and high total: HDL cholesterol ratio as ≥4.5. Low HDL cholesterol was defined when levels were \<40 mg/dl in men and \<50 mg/dl in women and high triglycerides by levels ≥150 mg/dl according to US National Cholesterol Education Program report.\[[@ref25]\] Age and gender-specific analyses were performed. Secular trends in various mean levels of cholesterol lipoprotein lipids were determined with linear regression for continuous variables using SPSS and B values (95% confidence intervals, CI) are reported. Trends in categorical variables have been analyzed using Mantel-Haenszel X^2^ for trend. *P* \< 0.05 was considered significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Details of fasting lipid profile were available in 67395 subjects (men 49,904, women 17,491). The mean age of study participants was 51 ± 12 years. Mean levels of cholesterol lipoproteins in the whole group were: Total cholesterol 174.7 ± 45.8 mg/dl, LDL cholesterol 110.7 ± 38.5 mg/dl, non-HDL cholesterol 132.1 ± 44.8 mg/dl, HDL cholesterol 44.1 ± 10.4 mg/dl, triglycerides 140.8 ± 99.2 mg/dl (median 118, IQR 85--166 mg/dl) and total: HDL cholesterol 4.44 ± 1.55. Mean levels in men versus women were total cholesterol 169.2 ± 46.5 versus 185.5 ± 43.9 mg/dl (*P* \< 0.001), LDL cholesterol 106.2 ± 38.9 versus 116.1 ± 37.4 mg/dl (*P* \< 0.001), non-HDL cholesterol 129.7 ± 45.2 versus 139.0 ± 42.8 mg/dl (*P* \< 0.001), HDL cholesterol 39.4 ± 9.7 versus 46.4 ± 11.6 mg/dl (*P* \< 0.001), triglycerides 144.5 ± 111.8 versus 128.3 ± 90.6 mg/dl (median, IQR 121, 87--171 vs. 111, 81--153 mg/dl) (*P* \< 0.001), and total: HDL cholesterol 4.5 ± 1.6 versus 4.2 ± 1.5 (*P* \< 0.001).

Age-specific levels in the overall participants is shown in [Table 1](#T1){ref-type="table"}. Data show that with age there is an increase in total cholesterol, LDL cholesterol, non-HDL cholesterol and triglyceride levels from age groups \<20 years to 30--39 years followed by a decline. Highest levels of cholesterol related lipoproteins and triglycerides are at age 30--49 years \[[Table 1](#T1){ref-type="table"}\]. Levels of HDL increase with age while total: HDL cholesterol ratio shows a declining trend. Age-related trends are not different in men and women \[Supplementary Tables 1 and 2\]. However, levels of total, LDL and non-HDL cholesterol levels and triglycerides peak earlier in men as compared to women \[[Figure 1](#F1){ref-type="fig"}\]. Levels of cholesterol and its lipoproteins are the highest at age 30--39 in men and 50--59 in women. HDL cholesterol levels are greater among women at all age-groups.
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Age-specific levels of various cholesterol lipoproteins and triglycerides in the study population
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Age-specific levels of various cholesterol lipoproteins and triglycerides in men
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Click here for additional data file.
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Age-specific levels of various cholesterol lipoproteins and triglycerides in women
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Click here for additional data file.

![Age-related trends in mean levels of total cholesterol, low-density lipoprotein cholesterol, nonhigh-density lipoprotein cholesterol, high-density lipoprotein cholesterol and total: high-density lipoprotein cholesterol and median levels of triglycerides in the study population. Mean levels in cholesterol lipoproteins are significantly greater among women after age of 50 years. Mean total, low-density lipoprotein and non-high density lipoprotein cholesterol levels are the highest in men at age 30--39 years and in women at 40--59 years](IJEM-20-211-g002){#F1}

Mean levels of various cholesterol lipoproteins and triglycerides at half-yearly intervals form July 2007 to December 2014 in the overall population and in men and women shown in Tables [2a](#T2){ref-type="table"}-[c](#T4){ref-type="table"}, respectively. In the overall population, significant decline is observed in total cholesterol (linear regression analysis, B = −0.73, *P* \< 0.001), LDL cholesterol (B = 0.93, *P* \< 0.001), non-HDL cholesterol (B = 0.80, *P* \< 0.001) and total: HDL cholesterol (B= −0.02, *P* \< 0.001). Levels of HDL cholesterol show an increase (B = 0.74, *P* \< 0.001) while no significant change is observed in triglycerides (B= −0.06, *P* = 0.545). Gender specific regression analysis reveals that in men versus women there is a significantly greater decline in mean levels of total cholesterol (B = −0.82 vs. −0.33), LDL cholesterol (B = −1.01 vs. −0.65), non-HDL cholesterol (B = −0.88 vs. −0.52), and total: HDL cholesterol (B = −0.02 vs. −0.01) (*P* \< 0.05) while no significant differences are observed in trends in HDL cholesterol (B = 0.05 vs. 0.18) and triglycerides (B = −0.09 vs. −0.12) \[Table [2b](#T3){ref-type="table"} and [c](#T4){ref-type="table"}\].

###### 

Trends in mean levels of cholesterol, cholesterol lipoproteins and triglycerides in the study population
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Trends in levels of cholesterol, cholesterol lipoproteins and triglycerides in men
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Trends in levels of cholesterol, cholesterol lipoproteins and triglycerides in women
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We also determined prevalence of various dyslipidemias in the study population \[[Figure 2](#F2){ref-type="fig"}\]. Prevalence in men versus women, respectively, is total cholesterol ≥200 mg/dl in 25.4 versus 35.6%, LDL cholesterol ≥130 mg/dl in 28.1 versus 35.1%, LDL cholesterol ≥100 mg/dl in 54.4 versus 66.4%, non-HDL cholesterol ≥160 mg/dl in 25.5 vs. 29.6%, HDL cholesterol \<40/50 mg/dl in 54.9 versus 64.4%, triglycerides ≥150 mg/dl in 33.9 versus 26.8% and high total: HDL cholesterol ≥4.5 in 45.1 versus 36.4% (*P* \< 0.05). Prevalence of high total cholesterol, high LDL cholesterol, high non-HDL cholesterol, and low HDL cholesterol are significantly greater in women \[[Figure 2](#F2){ref-type="fig"}\].

![Prevalence of various dyslipidemias in the study population. Prevalence of high total cholesterol \>200 mg/dl, high low-density lipoprotein cholesterol \>130 mg/dl and \>100 mg/dl, high non-high density lipoprotein cholesterol \>160 mg/dl, and low high-density lipoprotein cholesterol in greater in women while high total: high-density lipoprotein cholesterol \>4.5 and high triglycerides \>150 mg/dl is significantly greater in women](IJEM-20-211-g006){#F2}

Time trends in the prevalence of various dyslipidemias are shown in [Table 3](#T5){ref-type="table"}. Significant secular decline in prevalence of high total cholesterol (≥200 mg/dl), high LDL cholesterol (≥100 mg/dl or ≥130 mg/dl), and high non-HDL cholesterol (≥160 mg/dl) was observed. Trends in prevalence of dyslipidemias in men and women are reported in Supplementary Tables 3 and 4. In men versus women \[[Figure 3](#F3){ref-type="fig"}\], greater decline is observed in prevalence of high cholesterol (X^2^~trend~ 74.5 vs. 1.60), LDL cholesterol ≥130 mg/dl (X^2^~trend~ 415.5 vs. 25.0), LDL cholesterol ≥100 mg/dl (X^2^~trend~ 501.5 vs. 237.4), high non-HDL cholesterol (X^2^~trend~ 77.4 vs. 6.85), high total: HDL cholesterol (X^2^~trend~ 212.7 vs. 10.5) and high triglycerides (X^2^~trend~ 10.8 vs. 6.15) (*P* \< 0.01).
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Trends in prevalence of various dyslipidemias in the study cohort
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Trends in prevalence of various dyslipidemias in men
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Click here for additional data file.
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Trends in prevalence of various dyslipidemias in women
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Click here for additional data file.

![Secular trends in the prevalence of various dyslipidemias in men and women from 2007 to 2014. Among men, there is a greater decline in high total cholesterol, high low-density lipoprotein cholesterol 100 mg/dl, high non-high density lipoprotein cholesterol and high total: high-density lipoprotein cholesterol as compared to women](IJEM-20-211-g008){#F3}

To determine the influence of cholesterol-lowering drug therapy (statins) on lipid levels we performed two sub-studies among a sub-sample of study participants in March 2008 (*n* = 1405) and August 2013 (*n* = 2527). In the first study, use of statins was in 36 (2.6%) and was in 228 (9.0%) in the second (*P* \< 0.01). Statin use was significantly lower in women (5.8%) as compared to men (10.3%) (*P* \< 0.01).

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study shows that in a large hospital - based database at a tertiary care hospital in India women, as compared to men, had higher levels of total cholesterol, LDL cholesterol and non-HDL cholesterol and greater prevalence of these dyslipidemias. Over a 7 year period, declining trends in mean levels and prevalence of high total cholesterol, LDL cholesterol, and non-HDL cholesterol were observed. The decline was significantly less in women as compared to men. There was a significant increase in the use of statins over this period but was significantly lower in women as compared to men.

Mean levels of various cholesterol lipoprotein lipids in the present study are not very dissimilar to previous studies in urban populations in India.\[[@ref4][@ref6][@ref7][@ref8][@ref9]\] Prevalence of various dyslipidemias, especially LDL cholesterol ≥100 mg/dl and hypertriglyceridemia is greater than previous studies while the prevalence of low HDL cholesterol is lower. We have earlier reported that prevalence of various dyslipidemias in the hospital based data are not similar to population-based studies\[[@ref24]\] and this study shows similar findings. However, the prevalence of dyslipidemias, especially high total, LDL and non-HDL cholesterol is much lower than studies from the USA\[[@ref25][@ref26]\] and other developed countries.\[[@ref1][@ref27]\]

Declining trends in lipid levels observed in the present analysis is similar to data from high-income countries in the global burden of metabolic risk factors study.\[[@ref1]\] Although no uniform data were obtained on use of statins in this large study, sub-sample analysis at time-periods at the beginning and end of the study shows an almost trebling in use of lipid lowering drugs (statins) from 2.6 to 9.0%. It is hypothesized that declining trends in cholesterol levels in the present study is due to greater use of statins along with changing lifestyles with healthier diets in this largely middle class cohort.\[[@ref1][@ref2]\] Although we performed sub-sample analysis, in absence of regularly collected data we cannot be emphatic of this finding and this is a major study limitation. However, these are limitation of big data analyses performed in this study. Mayer--Schonberger and Cukier have commented that although correlations can be reported mathematically using big data we cannot easily explain the reason/s behind correlations.\[[@ref28]\] Causality will not be discarded, but it is being knocked off its pedestal as the primary fountain of meaning.\[[@ref28]\] Studies from India have reported a low use of statins for primary and secondary prevention at secondary and primary care as well in community based samples.\[[@ref29][@ref30]\] On the other hand, secular trends in statin use report an increasing consumption of these drugs in India.\[[@ref31]\] The declining trend in cholesterol and its lipoproteins in the present study are also different from the JHW studies.\[[@ref10][@ref11]\] In these cross sectional studies, marginally increasing trend was observed in the total cholesterol, LDL cholesterol and total: HDL cholesterol ratio and a significant increase was observed in triglycerides.\[[@ref10]\] The populations studies are different in the present study where in lipid profiles were evaluated at a tertiary care hospital based primary and secondary prevention program while the JHW studies were population-based in the Jaipur population\[[@ref10]\] or in the middle class.\[[@ref11]\] Increase in cholesterol has also been reported in a series of two cross sectional studies in Delhi.\[[@ref32]\]

Greater prevalence of dyslipidemias in women, especially after the middle-age as observed in this study is similar to previous international data.\[[@ref26][@ref33]\] It has been reported that from ages 20--55 years men tend to have higher cholesterol levels but after this age the cholesterol levels increase rapidly in women and exceed those in men. However, in our study, this changeover occur 10 years earlier \[[Figure 1](#F1){ref-type="fig"}\]. This may be related to earlier age of menopause in Indian women compared to the US counterparts, this may also be due to premature development of greater cardiovascular risk in Indian women due to a lower age at menopause.\[[@ref34]\] Women lifelong have higher levels of HDL cholesterol which is similar to this study. Gender-related difference in decline of cholesterol lipoproteins in the present study is an important finding. Similar differences in trends in cholesterol lipoproteins have been reported in observational studies in the US and other developed countries.\[[@ref13][@ref15][@ref16][@ref22][@ref23]\] Lesser focus on prevention in women and lower use of statins may also be important.\[[@ref14][@ref17][@ref20]\] Gender disparities in use of statins has also been reported in coronary secondary prevention studies\[[@ref18][@ref21]\] including from India.\[[@ref35]\]

This study has strength as well as multiple limitations. We used a large hospital based database and simple statistical analyses have provided useful results. However, this is a hospital based study and the results cannot be extrapolated and generalized to all populations. Moreover, the mean cholesterol levels as well as prevalence of various dyslipidemias are greater than general populations in Jaipur\[[@ref10]\] and elsewhere in India.\[[@ref3][@ref6]\] We do not have data on other risk factors (body mass index, abdominal obesity, hypertension, etc.) disease status (diabetes, previous coronary disease or interventions) or treatment status and this is an important limitation. However, sub-study has shown increasing use of statins in this populations and points to either increased awareness of cholesterol as risk factor or higher levels of treatment. However, despite this limitation this study shows a gender-related difference in secular trends in cholesterol related lipoproteins. This highlights gender disparities and possible lower intensity cholesterol management among women. Greater mortality in women following an acute coronary event has been reported in India\[[@ref36]\] and this study points to disparities in cholesterol management as an important reason.

This study also shows the important of big data analytics in medicine. It has been forecasted that such analyses shall change the future course of medical science, which is poised to become predictive and preventive rather than reactive.\[[@ref12]\] Cardiovascular diseases are the most important cause of mortality and morbidity among women in India,\[[@ref37]\] lipid abnormalities are the most important risk factor,\[[@ref38]\] and gender-based differences in trends in lipids levels at a tertiary care primary and secondary prevention clinics highlights the importance of equitable lipid management among women in India.
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